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lence of a mental health disorder is 26% (7% for a major depressive disorder and 18% for an anxiety disorder) (3) . In the United States, mental health disorders consume substantial economic resources each year; an estimated $150 billion annually, $71 billion in direct costs and $79 billion in indirect costs (4) . Nevertheless, while mental health disorder severity is strongly tied to treatment, one-to two-thirds of serious disorders remain untreated each year (5) .
The U.S. Surgeon General's (1) report on mental health highlighted research that showed that mental health is associated with physical health and general well-being. Studies have documented an association between mental health disorders and adverse health behaviours, chronic disease, obesity, inadequate social support and a poor health-related quality of life (6) (7) (8) (9) . Several studies have not found a lower likelihood of preventive health services use (10, 11) or receiving routine health care in the past 5 years (12) among persons with mental health disorders compared with those without. However, other studies have found modest associations for not seeking preventive health care screenings among persons with depressive disorders (13, 14) .
Relatively, few studies have examined the relationship between use of oral health services and mental health disorders; and those that have, have had mixed results. Anttila et al. (15) found an association between depression and fewer dental visits among Northern Finland's 1966 Birth Cohort (i.e., 31-32 year olds), but did not have similar findings for persons with anxiety symptoms. In a Northern Finland population-based study of men and women aged 55 years, women with depressive symptoms reported a longer time since their last dental visit compared with those without depressive symptoms, while depressive symptoms in nonsmoking men were associated with edentulousness (16) . Conversely, in a multivariate analysis of 388 Portuguese health science students (mean age 21; 75% women), students who were anxious were more likely to have visited a dentist in the past year than those who were not anxious (17) .
Studies have also found an association between depression and periodontal disease, possibly because of behavioural and physiologic mechanisms (18) (19) (20) (21) . For example, Genco et al. (19) reported that psychosocial measures of stress (e.g., financial strain) that manifest as depression are significantly associated with periodontal disease, as measured by clinical attachment loss or alveolar bone loss. However, other studies have found no association between depression and periodontal disease or tooth loss or have had mixed results (16, 22) . In addition, studies have reported an association between depressive symptoms and higher lactobacillus counts that may contribute to an increased risk for dental caries among persons with depression (23, 24) . For example, certain characteristics associated with depression may support the growth of lactobacilli, such as diet, oral health behaviour and disorders of the endocrine and monoamine regulatory mechanisms (23) . In addition, saliva assists in preventing bacterial adherence to tissues and some of these factors may adversely affect salivary secretion. Among persons being treated for depression, the use of antidepressant medication has been associated with an increased risk for dental caries as well (15, 23, (25) (26) (27) . For example, some antidepressant medications may reduce salivary secretion and thus, encourage the growth of lactobacilli which may lead to increased dental caries (15, 23, (25) (26) (27) . Other oral health-related side effects of antidepressant medications include xerostomia, dysgeusia and bruxism (24, 27) .
Given that an estimated one in five dental patients may have a depressive disorder (24) as well as the early onset and high prevalence of these disorders, developing evidence-based primary and secondary prevention strategies are essential. The results from this study will add to the research base and inform public health professionals' and dental health professionals' decision making on effective interventions to identify and address depression and anxiety disorders during the provision of oral health care. Nonetheless, it should be noted that our study uses 2008 Behavioral Risk Factor Surveillance System (BRFSS) cross-sectional survey data to examine whether depression and anxiety and the use of oral health services and tooth loss are related; and thus, cannot determine the directionality of these relationships. Specifically, our study aims to examine whether associations exist between depression and anxiety and use of oral health services and tooth loss after taking into consideration potential confounders.
Materials and methods
The BRFSS is a state-based surveillance system that is operated by state health departments in collaboration with the U.S. Centers for Disease Control and Prevention (CDC). A detailed descrip-tion of the survey methods is available elsewhere (28) . Briefly, the surveillance system collects data on many of the behaviours and conditions that place adults (aged ‡18 years) at risk for chronic disease (29, 30) . Trained interviewers collect data monthly by using an independent probability sample of households with telephones among the noninstitutionalized U.S. adult population. The data from each state are weighted to reflect the respondent's probability of selection and the ageand sex-specific or race ⁄ ethnicity-, age-and sexspecific population of the state. Representative state estimates are then aggregated. All BRFSS questionnaires and data are available at http:// www.cdc.gov/brfss.
In (33) . These factors may potentially introduce noncoverage bias. However, researchers have found that estimates derived from the BRFSS are comparable to other U.S. population surveys (34, 35) .
The BRFSS ADM consists of 10 questions, including the Patient Health Questionnaire 8 (PHQ-8) (36) . The PHQ-8 is adapted from the 9-item scale (i.e. PHQ-9) (36, 37), which is based on nine criteria on which the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (38) diagnosis of depressive disorders is based. The 9th criterion was omitted because it assesses suicidal or self-injurious ideation, and adequate intervention could not be conducted over the telephone. The PHQ-8 has comparable sensitivity and specificity to other depression measures and requires less time to administer (6, 36, 37) .
We used the PHQ-8 to estimate the prevalence of current depressive symptoms. The PHQ-8 response set was standardized to be similar to other BRFSS questions by asking the number of days in the past 2 weeks the individual experienced a particular depressive symptom (Online Appendix). The modified response set was converted back to the original PHQ-8 response set: 0-1 day = 'not at all'; 2-6 days = 'several days'; 7-11 days = 'more than half the days'; and 12-14 days = 'nearly every day', with points (0-3) assigned to each category, respectively. The scores for each item were summed to produce a total score between 0 and 24 points. A total score of 0-4 represented no significant depressive symptoms; a total score of 5-9 represented mild symptoms, 10-14 represented moderate symptoms, 15-19 represented moderately severe symptoms and 20-24 represented severe symptoms (36) . Respondents were considered to have current depressive symptoms (i.e. past 2 weeks) if their total score was ‡10, which has an 88% sensitivity and specificity for major depression (36, 37) .
Lifetime diagnoses of a depressive or an anxiety disorder by a healthcare professional was assessed with the remaining two questions of the ADM: 'Has a doctor or other healthcare provider EVER told you that you had a depressive disorder (including depression, major depression, dysthymia or minor depression)?' and 'Has a doctor or other healthcare provider EVER told you that you had an anxiety disorder (including acute stress disorder, anxiety, generalized anxiety disorder, obsessive-compulsive disorder, panic disorder, phobia, post-traumatic stress disorder or social anxiety disorder)?' Three questions were used to determine survey participant's use of oral health services and tooth loss. Specifically, BRFSS respondents were asked: (1) 'How long has it been since you last visited a dentist or a dental clinic for any reason?', (2) 'How many of your permanent teeth have been removed because of tooth decay or gum disease? Include teeth lost to infection, but do not include teeth lost for other reasons, such as injury or orthodontics' and (3) 'How long has it been since you had your teeth cleaned by a dentist or dental hygienist?' Instructions were given to interviewers to include wisdom tooth loss because of tooth decay or gum disease (i.e. infection). Predefined tooth loss response categories were as follows: none, 1-5, 6 or more but not all, and all. Respondents who reported never having visited a dentist or having all their permanent teeth removed were not asked how long it had been since they had their teeth cleaned by a dentist or dental hygienist. Based on these questions, receipt of oral health services (i.e. dental visit or cleaning visit or both <1 year ago versus 1 or more years ago or never) and tooth loss were assessed.
The demographic variables in our analyses included respondents' age (18-34, 35-44, 45-54, 55-64, 65-74 and ‡75), sex, race ⁄ ethnicity (nonHispanic white, non-Hispanic black, Hispanic and other), education (less than high school diploma, high school graduate or GED, some college and college graduate), employment (employed, unemployed, homemaker or student, retired and unable to work) and marital status (married, divorced or separated, widowed and never married or member of an unmarried couple). In addition to demographics, five chronic health conditions, including angina pectoris, myocardial infarction, stroke, diabetes and asthma were assessed by asking respondents whether they had ever been told by a doctor or other health professional that they had these conditions.
All respondents were asked their height and weight and about their cigarette smoking habits, alcohol consumption, use of assistive technology and perceived level of social and emotional support. Respondents' body mass index [BMI = weight in kilograms (kg) divided by the square of height in meters (m 2 )] was determined from selfreported height and weight. Respondents were classified as underweight (<18.5), normal weight (18.5 to <25), overweight (25 to <30) and obese ( ‡30). Respondents' cigarette smoking status was determined by two questions: (1) 'Have you smoked at least 100 cigarettes in your entire life?' and (2) 'Do you now smoke cigarettes every day, some days, or not at all?' Based on their responses, respondents were placed in one of four categories.
Respondents who reported that they had not smoked 100 cigarettes in their lifetimes were defined as 'never smokers'. Those who responded in the affirmative for having smoked 100 cigarettes in their lifetimes and who also said that they do not smoke at all now were defined as 'former smokers'. Respondents who reported ever smoking 100 cigarettes and responded that they now smoke some days or every day were classified as 'current smokers'. Heavy drinkers were defined as men who reported drinking more than two drinks per day and as women who reported drinking more than one drink per day (39) . Respondents' use of assistive technology was based on the question: 'Do you now have any health problem that requires you to use special equipment, such as a cane, a wheelchair, a special bed, or a special telephone?' Perceived level of social support was assessed with the question, 'How often do you get the social and emotional support that you need?' Possible responses were grouped into three categories: (i) always or usually, (ii) sometimes and (iii) rarely or never.
Statistical analyses
We used SAS and SAS-callable SUDAAN in all analyses to account for the complex survey design (40, 41) . Crude (unadjusted) prevalence estimates, adjusted predicted marginals and adjusted prevalence ratios (APRs) and 95% confidence intervals (CIs) were obtained using the MULTILOG procedure in SUDAAN (41) . Specifically, we used binomial logistic regression analysis to estimate predicted marginals and APRs for each outcome variable [i.e. use of oral health services (dental and ⁄ or cleaning visit in the past year versus ‡1 years ago or never) and tooth loss (none versus ‡1 teeth removed)] in association with each independent variable (i.e. current depression, lifetime diagnosed depression and lifetime diagnosed anxiety; referent = absence of disorder) after adjustment for multiple confounders. We used multinomial logistic regression analysis to estimate adjusted odd ratios (AORs) for tooth loss [i.e. 0 (the referent group), 1-5, 6-31, and all] in association with each independent variable, and to estimate predicted marginals and APRs by level of tooth loss (i.e. 0, 1-5, 6-31 and all) in association with each independent variable. We tested the proportional odds assumption of cumulative logit using the SURVEYLOGISTIC procedure in SAS (40) . The proportional odds assumption was invalid for our models (i.e. Score tests: P < 0.001); therefore, multinomial logistic regression analysis rather than ordinal logistic regression analysis was used. For each outcome of interest, we tested interactions between sex and age group with each independent variable and found them to be nonsignificant with one exception -for tooth loss, the interaction term for lifetime diagnosed depression and age group had borderline significance (P = 0.0525). 
Results
Of the total 96 223 respondents, we excluded those with unknown status for receipt of oral health services and tooth loss (n = 2129), those with unknown status for depression and anxiety (n = 11 028) and those with missing data on demographics (n = 2580). Respondents excluded from the study population were more likely than those included to be aged 65 years or older, nonwhite, not currently married, not currently employed and not to have higher than a high school education (P < 0.0001 for all). There was no difference in study inclusion by sex (P = 0.5545). 
Use of oral health services
Overall, 73.1% (SE, 0.3%) of adults used oral health services in the past year. Among adults, the unadjusted prevalence of nonuse of oral health services in the past year was significantly higher among those with current depression, lifetime diagnosed depression and lifetime diagnosed anxiety than those without each disorder, respectively (P < 0.001 for all) ( 
Tooth loss as a dichotomous outcome
Overall, 56.1% (SE, 0.4%) of adults had no tooth loss, 29.6% (SE, 0.3%) had 1-5 missing teeth, 9.7% (SE, 0.2%) had 6-31 missing teeth and 4.6% (SE, 0.1%) had total tooth loss. The unadjusted prevalence of having at least one tooth removed differed significantly by current depression status, lifetime diagnosed depression and lifetime diagnosed anxiety (P < 0.001 for all) ( Table 3) . Among adults, after adjustment for sociodemographic characteristics and use of oral health services, those with current depression, lifetime diagnosed depression and lifetime diagnosed anxiety were significantly more likely to have had at least one tooth removed than those without each of these disorders (Table 3 , Model 1). After fully adjusting for all evaluated confounders, these associations remained significant (Table 3 , Model 3). Table 4 presents the unadjusted and AORs of the multinomial logistic regression analysis for depression and anxiety by level of tooth loss. Among adults, the unadjusted results indicate that each of these conditions were associated with an increased likelihood of tooth removal compared with no tooth removal. After adjusting for sociodemographic characteristics and use of oral health services, the estimated odds of being in the 6-31 teeth removed versus 0 teeth removed categories was almost tripled (AOR = 2.89; 95% CI = 2.43-3.44) for those with current depression versus those without (Table 4 , Model 1). The estimated odds of being in the 1-5 teeth removed or all teeth removed categories versus 0 teeth removed category were significantly increased as well for those with current depression versus those without. After fully adjusting for all evaluated confounders, these odds were attenuated but remained significant (Table 4 , Model 3). For both lifetime diagnosed depression and anxiety, after fully adjusting for all evaluated confounders, the estimated odds of being in the 1-5 teeth removed or 6-31 teeth removed categories versus 0 teeth removed category were attenuated but remained significant (Table 4 , Model 3). We also used generalized multinomial logistic regression analysis to obtain predicted marginals and APRs for each level of tooth loss (i.e. 0, 1-5, 6-31 and all) for depression and anxiety. After adjusting for sociodemographic characteristics and use of oral health services, adults with each of these disorders were significantly more likely to have 1-5 teeth removed and 6-31 teeth removed, and significantly less likely to have 0 teeth removed, compared to those without each of these disorders (data available upon request). After fully adjusting for all evaluated confounders, these associations attenuated but remained significant, except for 1-5 teeth removed [30.8% versus 29.1% (P = 0.08); APR = 1.06, 95% CI = 0.99-1.12] among adults with lifetime diagnosed depression and 6-31 teeth removed [10.5% versus 9.5% (P = 0.11); APR = 1.10, 95% CI = 0.98-1.23] among adults with lifetime diagnosed anxiety.
Tooth loss as a nominal outcome

Discussion
This study, to our knowledge, is the first to investigate the associations of depression and anxiety with the use of oral health services and tooth loss in a large sample of U.S. community-dwelling adults.
Our results suggest that disparities in the prevalence of use of oral health services and tooth loss exist among persons with depression and anxiety. The prevalence of nonuse of oral health services in the past year was significantly higher among adults with current depression than those without this disorder. In addition, adults without these mental health disorders had a significantly higher prevalence of not having any teeth removed because of tooth decay or gum disease. Adults with current depression were less likely to have used the services of a dental health professional in the past year compared to those without this disorder, even after adjustment for several confounding variables. Whereas, among adults with or without lifetime diagnosed depression and anxiety, there was no difference in use of dental services after adjustment for confounding variables. These differing findings may reflect the oral health behavioural consequences that occur among adults with current depressive symptoms who have not yet been screened for clinical depression, or, if diagnosed, remain untreated or medically noncompliant (15, 16, 27, 42). Indeed, many of the depressive symptoms identified with the BRFSS PHQ-8 (Online Appendix) may adversely affect adults' oral health behaviours, such as lack of motivation, feelings of worthlessness and fatigue (36, 37) . Conversely, adults with lifetime diagnosed depression or anxiety may have received treatment for these disorders and, thus, be better equipped and supported to manage their oral healthcare needs. Further research is needed to elucidate the role mental health treatment and disease management plays in the associations among depression and anxiety, use of oral health services and periodontal health.
The results of this study are consistent with findings of previous studies that linked depressive disorders to a decreased frequency of oral health check-ups and an increased risk of periodontal disease and ⁄ or tooth loss (15, 19, 20) . For example, Genco et al. (19) found that, in a cross-sectional study of 25-to 74-year-old persons in Erie County, New York, depression was associated with greater levels of periodontal disease. Monteiro da Silva et al. (20) reported that both depression and loneliness were associated with adult onset of rapidly progressive periodontitis. Anttila et al. (15) reported that, in a Northern Finland cohort of persons born in 1966, depressive symptoms were associated both with a lower frequency of tooth brushing and with dental checkups.
Research has been inconsistent regarding the association between dental health behaviours and lifetime diagnosed anxiety. Anttila et al. (15) found that anxiety symptoms were significantly associated with lower tooth brushing frequency and self-perceived need of dental treatment but were not associated with frequency of dental visits. In addition, studies have reported an association between dental anxiety -a different anxiety disorder, although associated with general anxiety (43, 44) -and poor oral health and avoidance of oral health services (45) (46) (47) . However, we were unable to explore the impact of dental anxiety on the association between lifetime diagnosed anxiety and use of oral health services in this study.
Our study is subject to several limitations. First, all data including oral health services, tooth loss, mental health disorders and confounders are selfreported. Thus, these data are subject to recall and social desirability biases and have not been validated. Second, although we have adjusted for several confounders in our analyses, we were unable to examine other factors associated with use of oral health services or tooth loss, such as dental insurance, dental caries, periodontal disease, daily hygiene routines, community water fluoridation, dentures or antidepressant medications. Third, non-Hispanic minorities, as well as persons aged 65 years or older, with less than a college education, widowed, retired and unable to work, were less likely to be included in the analysis. As many of these demographic characteristics are associated with the nonuse of oral health services, tooth loss and depression and anxiety, the effect on our findings is not known but, likely, resulted in more conservative estimates. Fourth, our study was cross-sectional. Thus, we cannot infer causality. In fact, the relationship between mental health disorders and the use of oral health services and tooth loss may be bidirectional. Mental health alone may affect oral health, physical health, health behaviours, self-management of disease, medical compliance, social interactions and quality of life (1, 48) . Coexisting with poor oral health or other chronic conditions, mental health disorders contribute to severity and progression of disease and poorer outcomes (49) . In addition, the use of antidepressant medications among people with depression or other mental illness may contribute to oral health disease, as increased lactobacillus counts, xerostomia, dysgeusia and bruxism are common side effects of psychotropic medication (15, (24) (25) (26) . Conversely, persons with infrequent dental care and ⁄ or tooth loss may have a lower socioeconomic status, have lower self-esteem, have inadequate social support, lack access to oral health services, practice other health-compromising behaviours or have other health conditions that require greater resources and management. These factors may lead to depression, and compounded, contribute to the severity of depression as well.
In the United States, mental health is on the public health agenda as an integral component of health (1) . In recognition of the intertwined relationship of physical health, mental health and social well-being, oral health must not be forgotten. Indeed, it is an essential component of overall health and wellbeing (48, 49) . Our findings underscore an association between depression and anxiety and the use of oral health services and tooth loss. These findings have even stronger implications because first onset for many psychiatric disorders occur early in the life course (2), increasing their potential to negatively impact oral health over time. Longitudinal studies are needed to assess depression and anxiety disorders' oral health impact.
To compound the issue of inadequate mental health treatment among persons with depression and anxiety (5), many of the psychotropic medications used to treat these disorders can increase the risk of dental disease (15, (23) (24) (25) (26) . In recognition of this as well as the interrelationship between mental and physical health, mental health professionals should encourage their patients to visit both primary healthcare professionals and dental healthcare professionals to obtain preventive services and medical and oral health care. Moreover, it is vital to inform persons that they should report all health conditions (both mental and physical) and prescription drug usage when providing medical history to dental healthcare professionals.
